In the present paper we analyze in detail several properties of the MgH − anion and the MgH neutral molecule using accurate ab initio quantum computational methods in order to establish with higher reliability specific molecular features like the gas-phase electron affinity (EA) , the Frank-Condon (FC) factors for excitation of the neutral and of its anion to their lower electronic states, and the general feasibility of employing the anion in photodetachment experiments after its confinement in cold ion traps. The calculations suggest that the EA value is in agreement with an existing early experiment and further places on it a smaller error bar than that given before.
I. INTRODUCTION
Molecular anions are known to play an important role in a wide variety of fields: from the chemistry of correlated systems [1, 2] , to the atmospheric sciences [3, 4] and to the molecular regions of the interstestellar medium (ISM) [5] [6] [7] . It still remains rather difficult, however, to investigate molecular anions in a controlled manner at ultracold temperatures, while it is now possible to achieve temperatures of a few kelvin by using beam expansion methods or by examining the trapped particles followed by buffer gas cooling [8, 9] .
It is therefore important to provide such studies of nearly isolated, and cold, molecular anions with a reliable description of the various physical features that can be revealed in the cold traps observations. Such comparisons nearly always originate from accurate computational studies and therefore it is the purpose of this work to show such test for a specific polar molecular anion: the MgH − (X 1 Σ + ) case and its neutral counterpart MgH (X 2 Σ + ).
It is interesting to note here that the MgH X( 2 Σ + ) molecule has been detected a while ago in stellar atmospheres using its optical spectrum [10, 11] , while no observation for it has as yet been made in Molecular Clouds or Dark Cores of the interstellar regions. Furthermore, its negative ion has not been observed in any of the Circumstellar Envelopes (CSEs) where most of the non-metallic anions have been observed over the years (e.g. see: Millar et al [12] ).
It is therefore important to help to support future possible observational searches by being able to assign specific electronic transitions using accurate calculations of the states involved and to provide specific indications to photodetachment experiments of small molecular ions as those [13, 14] which have been already analysed in the recent literature on small molecular polar anions.
It is also worth mentioning here that the experimental studies of molecular anions, like OH − , have been able to selectively photodetach the extra electron from specific rotational states of the relevant target by first knowing both the EA and the rotational constant values with substantial accuracy [15, 16] .
The MgH − anion, however, has received thus far comparatively less attention after its first observation, nearly fifty years ago, when it was generated in a Penning discharge negative ion source [17] . Later experiments on its photodetachment process had provided the first assessment of its EA value [18] . The most recent experiments were carried out on both MgH − and MgD − using yet another type of negative ionic source, a pulsed and cluster ionization source (PACIS) [19] , and crossing a mass-selected beam of negative ions with a fixed-frequency photon beam [20] . These experiments were therefore able to determine the EA values to be, respectively, 0.90±0.05 eV and 0.89±0.05 eV., i.e. with rather large error bars. They also carried out ab initio calculations at the CCSD(T)/aug-cc-pVQZ level of theory and found calculated EA values of 0.86 and 0.85 EV, respectively. The earlier measurements of [18] had given an EA value for MgH − of 1.05 eV, which is higher than the later experiments of [20] . There is therefore a level of uncertainty as to which value should be selected from experiments, although no earlier data exist for MgD − . Later calculations of the EA value for MgH − were carried out by [21] and reported also a different value for it: 0.83 eV.
In the next Section we briefly report our computational approach, while the calculated results for MgH − will be given in Section 3. Our present findings will be finally discussed in Section 4. All the bound ro-vibrational energy levels of the different states and the Franck-Condon factors between different vibrational states, were calculated using the LEVEL16 program [25] . By including the zero point vibrational energy, the electron affinity was finally evaluated as we will further discuss in the next Section. 
II. AB INITIO CALCULATIONS

III. RESULTS FROM COMPUTATIONS
In order to asses the extent of reliability that can be placed on the present study, we report on the following Table I and Table II We clearly see that convergence of the properties examined is already achieved at the 5Z level of expansion, since the extrapolation to the CBS values changes them only marginally.
In the case of the EA values (ZPE corrected), we see that it changes by 15 cm −1 from the 5Z value, i.e. about 0.002%. For the calculations of the other properties reported below, we therefore decided to stay at the 5Z level of basis set expansion for our additional calculations discussed below.
A pictorial view of the relevant Born-Oppenheimer (BO) potential energy curves is reported by the Figure 1 , where we also indicate the zero-point-energy (ZPE) values obtained by numerical integration of the relevant potentials for each electronic state considered [25] .
The following comments can be made from a perusal of the results shown in that figure:
1. Once we calculate the EA value between the two lowest electronic states for the neutral and the anion (see values in Table I ) and correct it with the ZPE differences between the two potential energy curves (PECs), we find a value of 7104. The lower part of the Table IV shows instead different electronic excitation processes from the ground electronic state of the anion, the 1 Σ + state, into four different excited electronic states of the same anion. One clearly sees in the table that the transitions associated with the partners being in their ground vibrational states are markedly favoured and are associated with larger FC factors, the largest being , in relative terms, the one associated with the
Naturally, other factors come into controlling the size of their transition moments, e.g.
change of electronic angular momenta and also change of the electronic spin multiplicity.
However, the calculations indicate that to have the molecular ions in their ground vibrational levels will provide the most favourable FC factors for the corresponding transitions.
Since both the neutral molecule and its corresponding negative ions are polar molecules, to have specific, and reliable, knowledge of their permanent dipole moments is clearly an important factor for the present discussion. The data for the neutral species have been in the literature for a while [28, 29] , with recent analysis being carried out over a broad range of molecular geometries [30, 31] , including a molecular line opacity study in cold stellar atmospheres [32] . The electric dipole moment of MgD has also been experimentally studied [33] and a value of 1.318 D found for its (X 2 Σ) state, with a marked increase up to 2.567 D for the (A 2 Π) excited electronic state. Nothing, to our knowledge, exists however for the dipole moment of its anionic counterpart.
The calculations which we report in Table IV show the variations of the computed dipole moment values as a functions of the size of the basis sets employed: they are in the same sequence which we have already discussed earlier on in Tables I and II. We clearly see that the negative ion consistently presents a larger value for its permanent dipole moment, as should be expected by the presence of the additional negative charge along the bond. By the time we employ the largest basis set discussed earlier, we also see that the value known for MgD, which is expected to be smaller than that of MgH, indicates -1.318 D at its equilibrium geometry [33] . This is suggesting that our estimate of the dipole moment for the MgH partner is fairly reliable for the equilibrium geometry which we found in our calculations. We also report in the next Figure 3 our calculated dipolar function for the ground electronic state of MgH and compare it with earlier calculations for the same quantity. We see from the data in the figure that the µ value which we have calculated decreases with distance around the region of the equilibrium geometries while increasing as the bond is either stretched and/or compressed. by also looking at our results of Table III we see that the earlier estimates from ref [28] follow very closely our computed behaviour in that Figure   while the more recent data from [30, 31] are exhibiting a very different dependence on the changing of the internuclear distances. We can therefore argue from such data that both MgH and MgH − , in their respective ground electronic states, have substantial dipole moment values but are still too small to reach the critical value which would suggest the presence of dipole-bound (DB) configurations associated with very small binding energies for the diffuse excess electron of that type of anion [34] . This is a important result in relation to our discussion on the properties of the metastable anion that we shall further discuss in the next Section.
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IV. PRESENT CONCLUSIONS
We carried out very accurate ab initio calculations involving some of the electronic properties of the MgH molecule in the gas-phase and of its corresponding anion, MgH − . The task was to assess the feasibility of carrying out photodetachment experiments on this system, having experimentally prepared it in a selected rovibrational state by a cooling procedure in an ion trap, in analogy with similar studies carried out recently in our group on the OH − system [15, 16] .
The present calculations have employed a range of basis set expansion in order to assess the overall reliability of the final data of this study, which have been also compared with existing, earlier calculations and measurements. This is an interesting result which suggests the possible presence of a metastable anion within the photodetachment continuum. During the actual laser-induced photodetachment experiments [13] on the present molecular anion one can therefore expect the presence of a Feshbach resonance near the continuum threshold which could affect the lifetimes of the interacting partners during the electron emission mechanism. In other words, one could actually be able to see a marked signal above threshold corresponding to the formation of the metastable anion as a Feshbach resonance. One should also keep in mind, however, that the spin-flip involved in this excitation might strongly reduce the probability of it being visible experimentally. Further electron scattering studies would therefore be needed to provide additional computational evidence.
The present calculations indicate that MgH − , although studied very little thus far in the literature, could be a good candidate for a polar molecular negative ion which would be amenable to cold trap experiments, as already suggested recently [26] . Thus, its photodetachment analysis from a preselected initial rovibrational state can provide specific indications on the relevant transition moment and on the possible role played by its metastable excited electronic state which has been found by the present calculations.
Since the selective preparation in a given initial state requires the usage of He gas as a buffer gas in the ion trap [15, 16] , we are currently carrying out the calculation of the full potential energy surface (PES) for the MgH − (X 1 Σ + ) interacting with He( 1 S) atoms in order to model the quantum dynamics of selective rotational cooling of the trapped ion. The
